The paper presents an approach for the analysis of rural areas' socio-economic development. Rural regions include spheres of human activity: institutional, environmental, social, labor, industrial, economic, technological development spheres. Under the development of the rural regions, changes in the variables of different spheres of human activity in the region, increasing the potential for human development, is understood. Human Development Index measures the potential for human development measurement. The model of socio-economic development of the rural regions presented in the article is characterized by both endogenous and exogenous variables of the model. Model of socioeconomic development of the rural regions is presented in the form of six econometric equations, each of which is an ADL-model. Each ADL-model contains endogenous and exogenous variables. The article presents the structural form of a system of economical equations in each one equation there is more than one endogenous variable. It shows the transition from the structural form to the form of the system of economical equations, where each equation has only one endogenous variable. The system of equations was developed for the rural regions of Russia. Baseline data were obtained from the database of the State Statistics Committee of Russia. The article provides a solution to the system of equations. The solutions to the model can be used for developing strategic development of each separate rural region or a combination of all the rural regions.
Introduction
The development of the rural regions is one of the key targets for the regional politics. However, today there is no single process to measure this process. And there are several reasons for it. First of all, regions differ in terms of socio-economic and technological development (Tritsch & Arvor, 2016) . This fact is a major obstacle to choose the best method and to check the indicators of development of the rural regions with different regional qualities. These indicators of the rural development are usually chosen within helix dependence from the set goal to the subject matter. Secondly, there is no unified opinion, which methods to be used when measuring the development of the rural regions. considering rural regions as any country area, conclude that the key factors of analysis must include indicators that measure socialeconomic and institutional environment. Looking at the example of the Czech Republic (Straka & Tuzová, 2016) , 14 indicators can be highlighted, mostly the social-economic development indicators.
Some studies employ such indicator as the agricultural land usage indicators. Bonfiglio, Arzeni, & Bodini (2017) measure eco-efficiency of arable farms in rural areas. Authors conclude that farms are more eco-efficient if they are led by young farmers and participate in agri-environmental schemes. classify the rural regions using the cognitive methods. The authors concentrate on the methodological procedure of the new typology, which accounts for three aspects: development dynamics, economic structure and transport-wise accessibility.
Provenzano, Arnone, & Seminara (2016) implanted the Smart Specialization Strategy and the Quintuple Helix Model, highlighting the importance of connecting the innovation process with rural territories. introduce a hybrid model, as the combined application of the geographic information systems (GIS) and the multi-criteria decision analysis (MCDA) with the fuzzy DEMATEL method in order to make rural housings' suitability map. The sixteen criteria were clustered into four groups, namely physical, natural, environmental and socio-economic group. Weight coefficients are also proposed to be used to distinguish the importance of the factors within the model.
The purpose of the study is to design a mathematical model for the development of rural areas. The mathematical model must contain several interrelated equations. Each equation connects the resulting (endogenous) and influencing (exogenous) variables. The authors intend to use such a model for analyzing and forecasting the indicators of rural development. It is possible to see how endogenous variables behave with the change in exogenous variables.
The local tasks of the study are the following: -Describe the object of research -a specific rural area; -Choose the type of mathematical model; -Describe the method of empirical verification of the model; -Check the model using the statistics of a particular rural area. and Tcvetkov et al. (2015) . The area has around 50 thousand people. The population has been growing since the year 2000. The municipal territory is located in a relatively good place regarding the climate. The area has only one large populated community (a small town) and around 30 small villages. Around 50 percent of the local population is in the populated areas, which is relatively far from the average Russian statistics, which says that 74 percent of the population lives in cities. The third part of population is concentrated in urban settlement and the other parts of population are distributed over the territory of the district. The area is a rich region for natural resources. Analysis of infrastructural industry (electrical, transport, and informational industries) shows us the region as the area with contradictory state of the economic spheres. On the one hand, per capita incomes of the population are higher than in other regions and the average monthly nominal wage is quite high. On the other hand, financial indexes of the region show us that the area is subsidized. Analysis of the industry differentiation of the municipal territory shows us the absence of differentiation of the economy, the dominating of livestock sectors and the dependence of the municipal territory on the meat market situation. Rating of the region in the ranking of subjects of the Russian Federation in terms of investment in fixed assets among the subjects is lower than the average for Russia, but it is not the smallest one.
Despite quite high income of the population, higher education is not so popular. For 1000 people only 159 have higher professional education. This is the 78th place out of 83 in Russia. In terms of population size per doctor, we can say that the health situation in the region is not so bad. However, it is not entirely clear how rural settlements are provided with health services, primarily engaged in livestock farming and located far from a large the urban-type settlementthe center of the district, equipped with hospitals. An analysis of the state of the infrastructure transport industry in the municipal territory shows that the only major population center, the urban-type settlement, is not connected with other rural settlements neither by regular bus routes nor by railway.
Basic transport for this region is a car. In addition, the region has only one power station -gas turbine power station, the total length of power transmission lines of which is about 500 km. . The municipal territory produces less electricity than it is necessary.
The housing sphere of the municipal area has poor conditions according to analysis. There were no dilapidated living quarters existent in the district at the end of 2015, but houses equipped with water supply are only 50% of the entire houses. Houses that are equipped with hot water supply and sewerage constitute only 40%.
Seventy percent of population has its own computer, fifty percent has access to the Internet, many people have a mobile phone, but the information and telecommunication environment of the territory is poorly developed.
The region takes the last place in the rating of innovation in the Russian regions. Looking at the analysis, we can state the following conclusions: there is underdeveloped infrastructure -lack of standard roads, railways, and low power supply and communication services. There is lack of population, and therefore lack of permanent workforce. The expansion of the range of products, reorientation of sales markets, and development of new types of production in order to increase production efficiency is not carried out in the region.
The analyzed territory depends on the supply of goods from other districts of Russia. The transportation of goods is hampered by the poor condition of the transport infrastructure. There is insufficient production efficiency. The analyzed territory has a small percentage of the population with higher education; there is no right number of qualified staff, which creates an obstacle for innovative development.
Development of the region is usually understood as the process of the steady positive development of the area, in which an individual is living and working. The development of all the spheres should be interconnected from within. The spheres in which a person is making a living are usually the following: natural environment, production and manufacturing sphere, social systems, ecological system, public institutions. The scientific and technological progress develops all spheres of life and working conditions of a person. The science-technological progress is the key factor in the change of all the areas in which an individual is living and working. In this case, sustainable development is considered from the point of view of the following three components. Based on the above, we can give a general definition of the sustainable development of the analyzed territory. The sustainable development of the analyzed territory is the policy of using the territory, which characterizes the following conditions: a) a uniform change of the areas that surround a human in the territory -flora and fauna, sphere of production, social institutes, ecological systems; b) it is necessary to assess the change in the spheres of human activity from the point of view of economic, social and environmental perspectives; c) the purpose of changing the areas of the territory is to increase the human development index (HDI).
The theory of spatial economics and the theory of modeling is the methodological base of the sustainable development of the analyzed territory.
The theory of spatial economics is a modern discipline, but the development of theory for a specific territory that gave a push towards spatial economics development comes from the times of Adam Smith and David Ricardo. The significant contribution towards the development of the scientific categories of the theory of spatial economics was made by Max Weber, J. Thünen, Wolfgang Kasper, Stanislaw Korenik and Katarzyna Mishchak, and a Nobel laureate Paul Krugman (Tabata, Eshima, & Sakai, 2015) . If the task of the spatial economics is the coverage of the wide region of the spatial phenomena for the development of the region, then the main task of the theory of the modeling is in giving the research such a technology to create such models, which would be enough to fully record the interesting properties of the space and then it would be quicker and easier to research the data and transfer the results on to the original . Thus, using the mechanisms of the theory of spatial economics and the theory of modeling that include modeling of the development of the analyzed territory, it is possible to analyze the problems that the development of the rural region faces.
The ADL-model (autoregressive distributed lags model) is chosen as the theoretical model for the research, in which a regression equation is used to predict current values of a dependent variable based on both the current values of an explanatory variable and the lagged (past period) values of this explanatory variable. The model is generalized in case there is a multiple number of exogenous variables X . In general, all exogenous variables are included in the model with the same number of the lags, but there might be an exception of a lag of some variables.
ADL-model is the following:
-quantity of lags of the variables; t E -reminder that creates the white noise.
The model states that if in any moment of time t takes place a change in the constant variable X , then the change will influence the value of the variable Y in the future moments of time.
Results and Discussion
Primary data. The procedure for working with primary data includes two stages: a) analyzing and choosing both endogenous and exogenous variables that fit with the process that was being analyzed and that were showing the content of the variables; b) collecting the necessary both endogenous and exogenous variables.
Analysis and choice of the necessary endogenous and exogenous variables. The result of the analysis allowed us to choose the following six variables for the region: the proportion of the volume of region in the total volume of production of the region in the year ) ( (A) The correlation analysis was used to choose the exogenous variables that are closely connected with each endogenous variable. The correlation coefficients and their significance level were determined for pairs of variables.
(B) The analysis of the autocorrelation of the time series both endogenous variable and exogenous variables was performed. Analysis is done to select lags that had the highest impact on the resulting variable.
(C) Analysis of multicollinearity of exogenous variables. To find the multicollinearity of the variables, correlation matrix variables are analyzed, the importance is measured using the standard error criteria and Box-Pearsons Q-criterion. One variable from the pair of the variables was deleted from the analysis if the pair of the variables had a correlation greater than 0.8.
(D) The time series were checked for the presence of stationarity properties. We used Dickey -Fuller unit root test.
(E) The system of equations is represented in the structural form of the model. The structural form of the model is an econometric model in which the relationships between the current endogenous variables and the influencing variables are fixed in the form of equations.
(F) Determining identifiability of the equations of the structural form of the model by the criteria of identifiability. A necessary condition of identifiability is: Empirical testing of the model. Empirical testing of the models' development was carried out on statistical data of agricultural region of Russia. The structural model with selected and substantiated endogenous and exogenous variables is constructed in the form of a system of equations.
From the structural form of the model a transaction was mode to an improved structural form. The reliability of each equation of the improved model is verified by Fisher's F-criterion, the coefficients of the equations were calculated, the reliability of the equation coefficients was estimated using Students' t-criteria.
For agricultural region of Russia. The structural model with selected and substantiated endogenous and exogenous variables is constructed in the form of a system of equations. From the structural form of the model a transaction was mode to an improved structural form. The reliability of each equation of the improved model is verified by Fisher's F-criterion, the coefficients of the equations were calculated, the reliability of the equation coefficients was estimated using Students' t-criteria. 
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The necessary conditions for identification of model were considered for each equation. All six equations were overidentified. If they were overidentified, then the whole system was overidentified, and consequently, for determination of the indexes of the equation we used two-step OLS (Ordinary Least Squares). The improved structural shape of the model was used for equations 2,3,4,5,6,7, we calculated theoretical indexes of endogenous variables for all overidentified equations, which was in the left part of the equation, substitution of the initial indexes of exogenous variables in the right part of the equations. After that, the theoretical indexes of the endogenous variables were substituted for the actual values. Herewith, the reliability of the regression equation was estimated on the basis of the Fisher F-criterion, calculated the coefficients of the equation by OLS, we estimated the reliability of the coefficients based on the T-test of the Student. The system of econometric equations in its complete form is shown below:
Conclusions
In this article, we used the theory of Spatial Economics and the simulation theory to analyze the development of the rural region. Each sphere of the rural territory was estimated by indicators, which are endogenous and exogenous variables of the model. For each endogenous indicator of the model there are concrete exogenous indicators. Selected and grounded endogenous and exogenous variables allowed us to formulate a system of equations in the so-called structural form of the model. Sometimes the model of structural form can be transformed into an independent system of equations. In our case, the model of structural form could not be transformed into a model with independent system of equations. The model of structural form was transformed into the socalled model of improved structural form. Finding the solution for the model of improved structural form is shown in the article. The empirical checking of the development model was carried out on the statistical data of the rural region of Russia. The necessary and sufficient conditions for the identification of the model have been analyzed and shown that among the equations of the model there are no unidentifiable equations, all equations are overidentified. A two-step OLS was applied and the possibility of solving the system of econometric equations was shown. 
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